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1. Introduction 2. Goddard Earth Observing System Version 5 (GEOS-5)
* Data assimilation, which combines the information from observations and a short-range forecast, is a powerful * The GEOS-5 atmospheric data assimilation system
tool to estimate the initial state of the atmosphere for NWP f ts. Assimilati tellite ob ti f i i i
: : : St : .or.ecas > : ki s.a © I.e.o SeTVe or.1$ rom Evolution of the GMAO GEOS Forward Processing (ADAS) is a highly complex yet ﬂex.lble system
microwave imagers such as the GMI in cloudy and precipitating regions can provide critical constraints on composed of GEOS-5 Atmospheric General

meteorological parameters in dynamically sensitive regions and make significant impacts on forecast accuracy for

Circulation Model (AGCM) and the Gridpoint
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precipitation. b c3coL72 B . cao1137 | | Statistical Interpolation (GSI) analysis algorithm
3DVar 3D-Hybrid AD-EnVar 4D-EnVar (K'EiSt et al. 2009)

 To expand the existing capabilities assimilating satellite radiance data in clear-sky condition, the NASA GMAO

has been pursuing efforts to utilize all-sky (clear+cloudy+precipitating) microwave radiance data in the GEOS-5 _I/\I_ _I/\r 'I/\r e The GEOS-5 AGCM is a weather and climate-
ADAS. Assimilating surface affected microwave radiance measurements over land is more challenging than over - - - capable model used for atmospheric analyses,
.« L s1: . . . .. . . Changesto Changesto Changesto ] ] .
the ocean because of large variability in surface parameters determining surface emissivity for the radiative assimilation assimilation ceossecm | | weather forecasts, climate simulations and
transfer processes. Therefore, efforts were initially focused on the development of a framework to assimilate all- method method Newfilespec | | nredictions at various horizontal resolution with 75
sky GMI radiance data over the ocean. The project has made considerable progress and the framework to * C720L72 possible, depending on resources vertical layers to 0.01 hPa. The number of vertical
assimilate all-sky GMI radiance data over the ocean is currently being tested for implementation in the GMAQO’s layers will be increased to 137 by the end of 2016
operational forecast system by the end of 2015. (Figure on the left).
* In this poster, development and implementation results of data assimilation methodologies to utilize all-sky . The GEOS-5 AGCM emplovs a finite-volume cubed . .
GMI radiance data in the GEOS-5 system are presented. In addition, future plans to extend this framework to . oy : GEOS-5 Atmospheric Data Assimilation System (ADAS)
: . : . . sphere dynamical core (Putman and Lin 2007) for . -
support the PMM Science Team by developing methodologies to assimilate GMI radiance data over land and by . : : ,
. .. : : el hydrodynamics and the physics package (Molod et al. , BCs .
investigating methodologies to produce fine scale global precipitation products based on GEOS-5 analyses ) . ey : TS~ |
constrained bv GMI observations are discussed 2012) includes moist processes, radiation, turbulent | Bkg B |
Y ' mixing and surface processes. ; |  GSI3DVAR Foreiig .‘ GEOSAGCM | 2 1
* Notably, the moisture physics package in GEOS-5 _
3. Assimilation Methodology for All-sky GMI radiance data will be enhanced with a_ two-moment cloud ICs Central ADAS
Ad , del diative transf microphysics scheme (Barahona et 2014) in the next || 550508 Recenter Ensemble
 Advances in modeling, radiative transfer Using GSI Aanalysis
New Components added to assimilate all-sky GMI radiance data over Ocean and assimilation methoc’js have allowed US, GEOS-5 AGCM system Upgrade scheduled for 2016. e -
y it _ " That two-moment scheme will provide estimates of | BCe |
L] [ J [ ] [ ] [ ] ] [ ] [ ] [ ] I
Cost Funetion J(x,) = (x, - x,)" B (x, - x,) + (H(x) - O)' R (H(x,) - O) to ,m,la N S'gf”' Icar;t przgress_ 'n the cloud particle size distributions (PSD) in addition to || fienskg En-Om AU 2l
assimilation of cloud- an recipitation- . ——— | Ensemble i =
Fit to model background fields Fitto obslrvations . . P P cloud condensate amounts. < — — | Analysis Ensemble of —
affected microwave radiances over the " | observer | —— | (EnKF, GEOS AGCM —
—— - EnGSl
X, = Background (first-guess) Added cloud liquid (ql), cloud ice{(qi), rain{qr), snow({qs) ocean. . ; - el
GEOS-5 Forward Processing (FP) Products - H”H En-ICs
: ) * These enhancements to the GEOS-5 ADAS obs” L | -
X, = Analysis Added ql, qi, gr, qs . . . . 2D: sfc pressure, skin T, soil moisture, soil T, snow, fractions of ice, land, Ensemble ADAS
are summarized in the figure on the left FSt | Ge05.S Forecasts | 124eand ocean,sf roughness, 2m,10m, Som winds, snow depth,.
- . T . . . . 3D: pressure thickness, virtual T, ozone mixin io, water vapor mixin
O = Observations New QC gross checks to keep cloud and precipitation affected radiance data | Jnd 3 detailed description follows. GMI mi:;s::de“;u;' ) ig‘:arain;:t:nan y ;f;:,at::f“ix?rf:miosf.
: : . ~ ~ AEROSOLS Terra & Aqua Atmospheric Optical Depth o . . . .
B = Background Error Covariance Added static B and EnKF B for ql, qi, qr, and gs observations from Cl:‘ar.]nels 3~13 (19 § TEMP. & PRESSURE Radiosonde, Aircraft, Dropsonde, Drifting Buoy, METAR, Land Station . The GSl Comblpes m.formatlon from |rregUIar|y
183.3 £7 GHz) are assimilated over ocean in 51 ol ceomce AIRS, AMISU-A, HIRSa, AT, ssmis, Goes sounder, ks, iast, ois, | distributed observations with the GEOS-5 AGCM model
R = Observation Error Developed and assigned observation errors for all-sky GMI radiance data .. ) ) o s CES SEVIRI ] ... .
the all-sky condition. While observations = 3 _ Radiosonde, PIBAL Wind profiler. NEXRAD, Areraft, Dropsonde, surface | STAt€ iN such a way as to minimize a specified cost
H = Observation Operator Evaluate/Enhance CRTM performance in regions with preciptiation from channels 1 and 2 are being 2 A LR LU LY ER B FLIR function
. . (o] MOISTURE Radiosonde, Surface Marine, Surface Land, Dropsonde, Buoy, METAR, . ) . .
Bias correction : Variational Bias Bias correction predictors in VarBC: constant, lapse rate, lapse rate’ to mvestlgated for atmosphere-ocean COUpled 7S Radio Oceuttation | GRACEA ToraSARX METOP_AA:‘;:;C_““TANDEM_X ETOPB * Itis currently based on Hybrld 3D-EnsVar anaIyS|s
Correction (VarBC) correct air-mass related biases. Cloud liquid water path was removed from SST ana|y5i5 at GMAO, they are not oZONE : . Aun;om MI.S . solver (Figure above) and will be upgraded to Hybrid
the original predictors used in the operational GEQS-5 ADAS, . . . . - .
considered in the all-sky experimentation. 4D-EnsVar analysis solver by the end of 2015.
» The observation operator that simulates radiance data in the GSI has been extended to include cloud liquid, cloud . | _ : * Figure on the left describes inputs and output
. . . . . . . . Near-real time assimilation products at every 00UTC, 06UTC, 12UTC, and 18UTC .
ice, rain, and snow fields to be used in the radiative transfer model calculations by the CRTM. The ability of the % 10-day forecss t everyOUTC products of the GEOS-5 Forward Processing (FP)
. . . ] . .. . .. . . 5-day forecasts at every .
CRTM to simulate GMI radiances in the regions with cloud and precipitation is illustrated in the figure shown below. g ortonta i /16 X4/ dosrc oot stream, which generates forecasts as well as
. . . . . ] . * Horizontal grid: . egree lon-lat gri . . . . .
Results show that Mie derived cloud scattering parameters were not appropriate for simulating GMI radiances > o T U A e R assimilation products using the most current GEOS-5
== datla eve our, dta eve ours . .
affected by frozen precipitation. 3 | - Detailed information of assimilation products/forecasts are available in http:/ /gmao.gsfc.nasa.gov/products/ system used for near-real time production at NASA
GMADO.

GMI Observed TBs (CI-!13) CRTM simulations (Mie scattering)  CRTM simulations (DDA scattering) ESpeCia”y at h|gh frequenCies, the CompUtEd TBs were
a‘L“J\}: A'“A}:// W . "| too warm relative to the GMI observations. Based on this
| T N evaluation, we replaced the current CRTM cloud
coefficient file with a look-up table composed of 4. Results: Cloud&Precipitation Analyses and Impacts on GEOS-5 precipitation Forecasts
scattering parameters based on the Discrete Dipole
Approximation (DDA) method (Liu 2008). This
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e The results demonstrated that

o TBK) | R | significantly improved performance of CRTM in {a) _GMi Observation (376Hz) _ (b) Rain Water Increment (c) Snow Water Increment L .
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precipitating regions. — S 7\5“5?;/; w §? B 4 over the ocean can improve severe
 The observation errors for all-sky GMI radiances are estimated i " Py | LoV 4% ' weather forecasts from GEOS-5 system.
based on standard deviation of first-guess departures as a function | 3 §e f a3y "3 »\ :
of cloud water amount following the methodology in Geer and g j \ R,  For example, impact results from a
Bauer (2011). The use of this error assighment method resulted in | 3 /’i *‘i‘-\.‘wm = ™ S test case for Hurricane Arthur, which
. . . . . ° & o1 / < gt - i : ' B . . ‘ . : : - .
a near-Gaussian distribution of first-guess departures for all-sky | : O 1 fon Y \\ . o e ey = | reached hurricane status on 3 July 2014,
GMI radiances when normalized by their estimated errors (See P memgecouamun T A s A m T ETEa K08 68 0706 05 0 63t T e a1 are shown in the figure on the left.
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* By incorporating GMI radiances under all-sky conditions, the analysis moves toward the observations via
generation and removal of clouds, rain, and snow as illustrated in the figures (a)-(c).

* Assimilating all-sky GMI radiance data improves the analysis humidity, temperature, and winds in the storm
region, which in turn results in improved precipitation 6hr forecasts as demonstrated in the figures (d)-(f).

 The hybrid 3D-EnsVar analysis algorithm in GEOS-5 ADAS provides flow-dependent and situation dependent
background error covariance information for meteorological variables including hydrometeors. Specifically, this
allows for increments of varying water species to be physically consistent across different analysis variables (e.g.
between clouds and water vapor) as demonstrated in the figure shown above.

5. Future Works
Extended framework to assimilate all-sky GMI radiance data over land Downscaling of GMI observations using GEOS-5

Hypothesis: Assimilating GMI all-sky radiance data over land in the NOAA National Snow Analysis (NSA) Snow Depth Hypothesis: By combining satellite microwave observations with global atmospheric model simulations, profile-
GEOS-5 ADAS will complement GEOS-5 land surface analyses by | i " i ,oE integrated measurements like microwave radiance can be disaggregated to estimate various atmospheric states and

improving precipitation analyses and forecasts. Gridded precipitation is a precipitation profiles while keeping the relationships between the various fields consistent with the physical laws
key input for the GEOS-5 land surface model, which simulates assumed by the model. In particular, coarse scale observations can be downscaled to estimate finer resolutions of
hydrological processes. Improvements to the land surface model feed precipitation fields and atmospheric states through the GEOS-5 downscaling capability. This effort will be beneficial
back to the assimilation and the quality of surface fields (e.g. skin for many applications such as hurricane modeling studies and land surface and hydrology models and analysis systems.

temperature, soil moisture, and snow coverage). These improvements
will enhance the use of microwave radiance data in both in NWP
forecasts and PMM precipitation retrieval algorithm developments.

Methodologies:
* At cloud-permitting resolution (1-15km), the vertical velocity can become non-negligible. The use of Lagrangian
coordinate system in GEOS-5 non-hydrostatic finite-volume dynamical core enhanced by “modified Riemann solver”
Methodologies: ,, 0 s e e e | T EELIE removes the potentially severe time-step restriction without e
« All-sky GMI radiance assimilation over land requires several GEOS-5 Snow Depth Forecast ad hoc vertical-velocity damping. g,
advancements beyond the existing ocean all-sky methodology. The most . TV * The physics parameterizations are scale aware in that they
critical, yet challenging aspect of land assimilation is properly assigning |5 <& - - f dynamically adapt to the horizontal resolution of GEOS-5.
contributions from the various surface variables in the radiative transfer i | ” = ar * This multi-scale design allows GEOS-5 to consistently move
model during the analysis process so that information from GMI from medium range weather prediction and data assimilation
observations can be projected in the analysis to improve precipitation [ resolution (~25 km) to cloud permitting resolutions of 12-to
forecasts over land. 3 5km.

* We are currently developing methodologies to consider surface * Figure on the right provides an illustration of downscaled
contributions from various surface types properly in the radiative precipitation (12km resolution) from GEOS-5 constrained by

. . . [ [ O T e
transfer model during the analysis process in GEOS-5 ADAS. R gy e the 50km MERRA-2 analyses during Hurricane Sandy in 2012.
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